1 . (Twice Amended) I A method for etching a pattern on a workpiece including the steps 
of: 

selecting a workpiece with a hard mask deposited over a layer to be etched, which 
hard mask is comprised of a reactive metal, the^rard mask further defining a first pattern 
comprising at least one pcrtion having a criticar dimension; and 

processing the workpiece in a reactor/using an^t^h step and exposing the hard mask 
to the etch; 

whereby a second pWtern is etched in the layer corresponding to the first pattern of 
the hard mask, and the growth of a portion of the second layer pattern is minimized in the 
critical dimension. 


12. (Previously Amended) The method of claim 1 wherein: 

/ said selecting step includes selecting a workpiece having a hard mask which hard 

mask comprisesW one of titanium, aluminum, and tantalum. 

3. The method of claim 1 including the step of: 
exposing t\ie hard mask to a stream of oxidizing gas in the reactor prior to or during 

said etch step. 

4. The method of claim 1 including the step of: 
exposing tha hard mask to an oxidizing stream comprising of one of oxygen, nitrogen, 

fluorine, boron, andl carbon gas, and any combination of oxygen, nitrogen, fluorine, boron, 
and carbon gas, in the reactor prior to or during said etch step. 

5. (Previously Amended) The method of claim 1 wherein : 
said selecting step includes selecting a workpiece with a lithographic layer covering 

the hard mask. 

6. The method ot claim 1 wherein: 
said selecting £tep includes selecting a substrate having a hard mask which is readily 

oxidizable. 


7. The method of claim 1 wherein: 

said selecting step includes selecting a substrate with a hard mark, which hard mask 
is comprised of a metal With a low sputtering yield. 
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8. The method of claim 1 including the step of: 

exposing the hard mask to a stoeam of oxidizing gas in the reactor prior to or during 
said etch step in order to oxidize the/surface of the hard mask and thereby slow down an 
etch rale-of"ttjie hard mask. 

method of claim 1 wtferein: 
aid selecting step includes selecting a hard mask (1) on which has been or (2) on 
which/fcan be developed at least one of an oxide, nitride, fluoride, boride and carbide. 



(Once Amended^ A method for etching a pattern on a workpiece including the steps 
of: 

selecting a workdiece with a hard mask deposited over a layer to be etched, which 
hard mask is comprised of a reactive metal; 

processing the workpiece in a reactor using an etch step and exposing the hard mask 
to the etch; and 

providing energy t& the reactor in order to increase a rate of oxidation of the hard 
mask in order to\low down the rate of erosion of the hard mask. 



1 1 . (Previously Amended) 


The method of claim 10 wherein: 


^j/ yfeaid step of providing energy causes the substrate in the reactor to be heated to a 


v 


temperature in the range of from about 80°C to about 300°C. 

12. The method of claim 1 including the step of: 

oxidizing the hard mask either prior to or during the processing step. 


(Twice Amended) A method for minimizing growth of the width of features etched 
from a layer on a workpiece including the steps of: 

selecting a workpiece with a hard mask deposited over a layer to be etched, wherein 
said hard mask has a low sputter yield and a low reactivity to the etch chemistry of an etch 
process; and 

processing the workji^ece in a reactor using the said etch chemistry in order to etch 
the layer and exposing the hand mask to the etch chemistry; 

whereby features are created under the hard mask from the etch of the layer, the 
hard mask providing for minimal ^owth of the width of the features beyond the hard mask. 


14' (Previously Amended) 


'? 

The method of claim 13 wherein: 
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said selecting step includes seating a workpiece wherein said hard mask is 
comprised of a reactive metal. 

15. (Previously Amended) The method of claim IS'wherein: 

said selecting step includes* selecting a workpiece having a hard mask which 
comprises at least one of titanium/aluminum, tantalum, tungsten, cobalt, and molybdenum. 

16: The method of claim 1,3 including the step of: 

exposing the hard ma^K to a stream of oxidizing gas in the reactor prior to or during 
said processing step. 

17. The method of clajfn 1,3 including the step of: 

exposing the hard mask to a stream consisting of one of oxygen, nitrogen, fluorine, 
boron, and carbon and yany combination of oxygen, nitrogen, fluorine, boron and carbon. 

n 

,18. (Previously Amended) The method of claim 13'wherein : 

said selecting step includes selecting a workpiece with a lithographic layer covering 
the hard mask. 

2 b / n 

19. The method of claim 1-3 wherein: 

said selecting step includes selecting a substrate having a hard mask which is readily 
oxidizable. 


20) The method of claim 13 including the step of: 

exposing the hard mask to a stream of oxidizing gas in the reactor prior to or during 
said etch step in order to oxidize the surface of the hard mask, and thereby slow down an 


etch rate of the hard mask. 


r, 



2-1 . The method of claim 1.3 wherein: 

/said selecting step includes placing a hard mask (1) which has been or (2) which can 
be oxj'dized. 

(Once Amended) A method for minimizing growth of the width of features etched from 
a layer on a workpiece including the steps of: 
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selecting a workpiece with a\ hard mask deposited over a layer to be etched, wherein 
said hard mask has a low sputter yield and a low reactivity to the etch chemistry of an etch 
process; \ 

processing the workpiece in a reactor using the said etch chemistry in order to etch 
the layer and exposing the hard mask! to the etch chemistry; and 

providing energy to the reactor in order to increase a rate of oxidation of the hard 
mask in order to slow down the rate of erosion of the hard mask. 


(Previously Amended) / The method of claim 22 wherein 

saidystep of providing^ energy causes a workpiece in the reactor to be heated to a 


24. 



^ temperature in the range of from about 80°C to about 300°C. 


The method of/claim 13 including the step of: 
r oxidizing th^/nard mask either prior to or during the processing step. 



25. \^Twice\Amended) A method for minimizing growth of the width of features etched 


lafc 


A 


workpiece including the steps of: 


a workpiece with a hard mask deposited over a layer to be etched, which 
omprised of at least one of titanium, titanium compounds, aluminum, 
Jrtds 



from a 

sell 

hard mask 

aluminum coiflf^urtds, tantalum, tantalum compounds, tungsten, tungsten compounds, 
cobalt, cobalt cof^p§a)pds, molybdenum, and molybdenum compounds; and 

processing tffl^forkpiece in the reactor using an etch step and exposing the hard 
mask to the etch step. 

26. f^ice Amended) A method for minimizing growth of the width of features etched 
from a layer^^a workpiece including the steps of: 


depositin 


a substrate workpiece and over a layer to be etched a hard mask 



comprising at leasfX^ne of a reactive metal, an oxide of a reactive metal, a nitride of a 
reactive metal, a fluoricta^of a reactive metal, a boride of a reactive metal, and a carbide of 
a reactive metal; and 

processing the workpiebe in ^he reactor using an etch step and exposing the hard 
mask to the etch step. 



The method of claim 26 wherein: 

said hard mask is selected fiWn a material having a low sputter yield. 
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28. (Twice Amended) A method for minimizing growth of the width of features etched 
{^(^ij^ from a la y er on a wor Kpiece including the steps of: 

(/ ^ depositing on sli workpiece and over a layer to be etched a hard mask, wherein said 

/ 0 hard mask has at leastlone of a low sputter yield and a low reactivity to the etch chemistry 
of an etch process; and\ 

processing the workpiece in the reactor using the said etch chemistry in order to etch 
the layer and exposing the hard mask to the etch chemistry. 


29. (Twice Amended) method for minimizing growth of the width of features etched 
from a layer on a workpiece including the steps of: 

depositing on a workpiece and over a layer to be etched, a hard mask which 
comprises at least one of titanium, titanium compounds, aluminum, aluminum compounds, 
tantalum, tantalum compounds\tungsten, tungsten compounds, cobalt, cobalt compounds, 
molybdenum, and molybdenum compounds; and 

processing the workpiece \\ the reactor using an etch step and exposing the hard, 
mask to the etch step. 

30. (Twice Amended) A method^ of minimizing growth of the width of features etched 
from a layer on a workpiece including the steps of: 

selecting a workpiece with a iWd mask consisting of one of a reactive metal, an 
oxide of a reactive metal, a nitride of a reactive metal, a fluoride of a reactive metal, a boride 
of a reactive metal, and a carbide of ay reactive metal, and a compound comprising any 
combination of an oxide, a fluoride, a nitride, a carbide, and a boride of a reactive metal, 


deposited over a layer to be etched; and 

processing the workpiece in the reactor using an etch step and exposing the hard 
mask to the etch step. 



- The method of cteim 30 wherein: 
f?v / said selecting sten includes selecting a substrate having a hard mask which consists 
\ /of one of titanium, titamum compounds, aluminum, aluminum compounds, tantalum, 
/ tantalum compounds, tungsten, tungsten compounds, cobalt, cobalt compounds, 
/ molybdenum, and molybdenum compounds. 

32. (Previously Amended) \ The method of claim 30 including the step of: 

said selecting step includes selecting a hard mask consisting of a reactive metal; and 
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exposing the hard mask to a stream comprising of at least one of oxygen, nitrogen, 
fluorine, boron, carbon, and ions or radicals of oxygepC ions or radicals of nitrogen, ions or 
radicals of fluorine, ions or radicals of boron, and ^ns or radicals of carbon in the reactor 
prior to or during said etch step. 

33. The method of claim 30 wherein: 

said selecting step includes selling a substrate with a hard mask, which hard mask 
is comprised of a metal with a low sputtering yield. 


34. (OnceVmended) A rrfethod of minimizing growth of the width of features etched from 
a layer on a workpiece intruding the steps of: 

selecting\a workpiece with a hard mask consisting of one of a reactive metal, an 
oxide of a reactive metal, a nitride of a reactive metal, a fluoride of a reactive metal, a boride 
of a reactive metal, and a carbide of a reactive metal, and a compound comprising any 
combination of an oxide, a fluoride, a nitride, a carbide, and a boride of a reactive metal, 
deposited over a layer to be etched; 

processing they/vorkpiece in the reactor using an etch step and exposing the hard 
mask to the etch step; and 

providing energy\to the reactor in order to increase a rate of oxidation of the hard 
mask in order to slow dow^n the rate of erosion of the hard mask. 


35. The method of claim 13 wherein: 

v — ^ / said selecting step includes selecting a substrate wherein said hard mask comprises 
at least one of a reactive metal, an oxide of a reactive metal, a nitride of a reactive metal, a 
flubride of a reactive metal, a carbide of a reactive metal, a boride of a reactive metal or 
some combination of a\reactive metal. 

36. The method of claim 1 including the step of: 

using the etchedvsubstrate to fabricate one of a semiconductor chip, a magnetic 
head, and a flat panel display. 

37. The method of clain\ 1 wherein: 

said selecting step includes a hard mask comprised of at least one of a reactive metal 
and a compound of a reactive metal; and 

said selecting step further includes selecting a hard mask comprised of at least one 
of titanium, aluminum, tantalum, tungsten, cobalt, molybdenum, copper, nickel, iron, and 
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compounds of at least one of titanium, aluminum/tantalum, tungsten, cobalt, molybdenum, 
copper, nickel, and iron. / 


38. The method of claim 1 wherein: 
said selecting step includes a hard mafsk comprised of at least one of a reactive metal 

and a compound of a reactive metal, and sand compound comprises at least one of an oxide, 
a nitride, a fluoride, a boride, and a carbide of a reactive metal, and any combination of an 
oxide, a nitride, a fluoride, a boride, andya carbide of a reactive metal. 

39. The method of claim 1 wherej/ 
said selecting step includes a hard mask comprised of at least one of a reactive metal 

and a compound of a reactive metal, and said compound comprises any compounds formed 
by exposing a reactive metal to ions or radicals of at least one of oxygen, nitrogen, fluorine, 
boride, carbon, and any combination of said gases. 

40. The method of claimvl wherein: 

said selecting step includes a hard mask comprised of at least one of a reactive metal 
and a compound of a reactive metal; and 

said selecting step includes selecting a hard mask consisting of one of titanium, 
aluminum, tantalum, tungsten, cobalt, molybdenum, copper, iron, nickel, and compounds of 
one of titanium, aluminum, tantalum, tungsten, cobalt, molybdenum, copper, iron, and 
nickel. 

41. The metnod of claim 38 wherein the processing step operates at one of below 
atmospheric fissure, atmospheric pressure, and above atmospheric pressure. 

Remarks 

The above Amendments and these Remarks are in reply to the Office Action mailed 
February 14, 2001 . In the Office Action, the Examiner rejected all claims. Reconsideration of 
the rejections and consideration of the new claims is requested. 

I. Claim Rejections under 35 U.S.C. §112 

The Examiner rejected claims 1, 13, 25, 26, 28, 29, and 30 under 35 U.S.C.§ 112 
as being indefinite. These claims have been amended. Applicants therefore respectfully 
request that the rejection with respect to claims 1, 13, 25, 26, 28, 29, and 30 be 
withdrawn. 
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